Background: Early identification of patients requiring transfer to post-acute care (PAC) facilities shortens hospital stays. With a focus on interprofessional assessment of biopsychosocial risk, this study's aim was to assess medical and neurological patients' post-acute care discharge (PACD) scores on days 1 and 3 after hospital admission regarding diagnostic accuracy and effectiveness as an early screening tool. The transfer to PAC facilities served as the outcome ("gold standard").
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Background
Especially among geriatric patients, hospitalization with an acute medical condition is usually accompanied by reduced performance of activities of daily living (ADL) [1] and a range of other negative patient and economic outcomes [2, 3] . For example, during hospitalization, 35% of patients aged 70 years or older do not recover their preadmission status [1] , resulting in high rates of transfer to post-acute care (PAC) facilities [2] and delays in hospital discharge. Mostly reflecting limited PAC housing capacity [4, 5] and lack of community support [6] , and affecting mainly elderly, polymorbid and frail patients [1, 6] , such delays increase the risk of mortality [2] , nosocomial infection and the exacerbation of existing morbidities [3] .
However, many of these delays and their concomitant losses, especially of functional ability, may be preventable via focused assessment and stratification of biopsychosocial risk, i.e., risk of requiring transfer to PAC facility, at or near admission [2, 7] . Along with assessment of in-patient care needs and functional deterioration, early measures should include initial postdischarge care planning [8] [9] [10] [11] [12] [13] [14] and timely involvement of social workers or case managers to plan transfers to PAC facilities.
While these actions will entail moderate administrative burdens, along with increased interprofessional teamwork and communication at admission, the potential reductions in stay lengths and improvements to patient outcomes support this exploration. This paper focuses on interprofessional assessment of biopsychosocial risk. As possible measurement tools, we considered the Brass Index [15] , the Self-Care Index (SPI; "Selbstpflegeindex") [16] and the Social Work Admission Assessment Tool [8] all of which identify problems with inpatient discharge processes. However, none of these predict the need for PAC facility transfer.
In contrast, the Post-Acute Care Discharge (PACD) instrument is specifically designed to measure patients' biopsychosocial risk and reliably predicts the need for transfers to PAC facilities [14] . PACD scores support interprofessional discussion in physician-nurse ward rounds [14] by identifying patients' likelihoods of poor healthcare outcomes, informing actions and interventions to preserve functional status and arrange timely discharges. Therefore, for the current study, the PACD was selected as the most appropriate tool to identify the biopsychosocial risk of patients.
Therefore, the purpose of this study was to assess the prognostic accuracy of the PACD score at day 3 of hospital stay (PACD day-3) versus the PACD score at day 1 (PACD day-1) regarding transfer to a PAC facility in two distinct groups: medical and neurological inpatients.
Methods

Design and setting
This observational quality control study was embedded in a prospective cohort study conducted at the Cantonal Hospital Aarau (KSA; "Kantonsspital Aarau"). All details of the study protocol have been previously published [17] ; the study is registered on the "ClinicalTrials.gov" (NCT01768494).
From February to October 2013, we included consecutive medical and neurological patients admitted to the KSA, which is a tertiary care hospital in Switzerland that also offers primary and secondary care services. On average, this hospital's medical and neurological departments treat a combined total of 6000 inpatients per year. The Institutional Review Board of the Canton of Aargau approved the study and waived the need for informed consent (EK 2012/059) as this was an observational quality control study.
Sample
We included consecutively admitted adult medical and neurological inpatients. We excluded those who were transferred to or from other hospitals, were admitted from PAC facilities, e.g., nursing homes, or died during the study period.
Index testing
The current study applied two versions of the PACD: one administered within 24 h of admission (Additional file 1: Figure S1 ), and one for use on day 3 (Additional file 2: Figure S2) . The first gathers data on fifteen variables: age, number of active medical problems on admission, ability of someone living with the patient to provide help at home, dependency in activities of daily living (7 ADL), and dependency in instrumental activities of daily living (5 IADL) during the last 2 weeks at home. The second calls for data on five variables: pre-admission medical problems, help provided at home, help with medication at home, dependency in bathing, and dependency regarding transfers from bed to chair on day 3 post-admission [14] . The original versions were developed on 349 patients admitted to general internal medicine wards, both PACD versions accurately predicted transfer to PAC facilities, with areas under the curve (AUCs) of 0.81 for the PACD day-1 and 0.82 for the PACD day-3 [14] .
Translation, scoring and validation of the PACDs
We translated the PACD instruments [14] from English to German conceptually and pilot tested them in a sample of 10 patients. Scoring principles for the PACD day-3 were developed by Louis Simonet et al. (2008) . To allow referral of patients to social workers earlier than day 3, we transposed these principles to the PACD day-1 [14] . Points were attributed to each component based on the magnitudes of the day-1 model's standardized regression coefficients in relation to one another, i.e., proportional point scores were assigned to each item [14] . We then analyzed as pre-tests the PACD scores for validity and feasibility in selected successive patient groups at the KSA. As measured by the PACD day-1 the biopsychosocial risk correlated significantly to discharge to a PAC facility, indicating predictive validity in the first evaluation of 240 patients with respiratory tract infections [18] . Based on this analysis, two adaptations were made. First, "transfer within the hospital" (part of the original PACD day-1 test) [14] , was omitted because it was not significantly predictive of PAC facility transfer. Second, "partner to provide help," was modified to "someone living with the patient to provide help" [9, 18] . The modified version was administered as second pretest in our next sample of 308 patients who had suffered heart failure, urinary tract infections, falls, and syncope. Following our modifications, with a cut-off of ≥8, PACD day-1 scores showed a sensitivity of 91% and a specificity of 62% (AUC: 0.87). PACD day-3 scores showed a sensitivity of 82% and a specificity of 61% (AUC: 0.81) [19] .
The scorings of the PACD day-1 and day-3 tests are shown in Additional file 1: Figure S1 and Additional file 2: Figure S2 [14] . The number of active medical problems, i.e., all current diagnoses of conditions with recognized therapeutic or diagnostic consequences, were scored as one point for each affected organ system (e.g., in patients with respiratory tract infection, two score points were calculated: one for a pulmonary condition and one for an infection) (Louis Simonet, personal communication on 17.05.2010).
The cut-off for both the day-1 and day-3 measurements was predefined as ≥8 points [19] . The PACD day-1 questions on patients' pre-admission living situation and ADL/IADL were applicable to the context of Swiss emergency departments (ED) triage screening, i.e., the first evaluation of the PACD day-1 in patients with respiratory tract infections indicated its feasibility to assess patients in the ED setting [20] .
The PACD scores were determined, applied, and included in patient records as part of discharge planning by physicians, nurses, and social workers. From their records, we extracted the data necessary to evaluate the predictive ability of the tool within the framework of this observational study. Given this method of data collection, the study could not be blinded.
Outcome
Our two possible patient outcomes considered as "gold standard" were discharge to home and transfer to a PAC facility (i.e., nursing home, rehabilitation center, or other destination) [17] .
Data collection
Patients' data were collected as part of routine clinical care from eligible neurological and medical patients admitted to hospital during the study period [17] . Treating physicians and nurses assessed the PACD day-1 scores in the ED. When PACD assessment was not possible in the ED, nurses assessed patients retrospectively in the medical ward. On the third day of the hospital stay, nurses assessed the PACD day-3 in the ward. Both scores were entered into the electronic patient record. The medical coding department collected data on pre-admission and post-discharge residence and length of stay from electronic patient records [17] . To assess post-discharge residence and other outcomes, specially trained study nurses contacted each patient 30 days after admission for a questionnaire-based telephone interview [17] .
Power calculation
To provide up to 40 degrees of freedom for our multivariable models, we aimed to include a total of 2000 patients over the course of 12 months, with an expected 20% rate of post-acute care facility transfers (n = 400) [17] . Power calculations for these models indicated that this sample size would have enough power to provide sufficient confidence intervals regarding the AUC, sensitivity, specificity, and positive and negative likelihood ratios (LRs), as well as for inter-group comparisons.
Analysis
The patients' characteristics were analyzed using means, standard deviations, medians, interquartile ranges, frequencies, and percentages, depending on scaling and distribution. To identify any unequal performance regarding the application of the PACD instruments, we separated the two patient groups for analysis. As recommended by Knottnerus et al. [21] , PACD day-1 and 3 were analyzed using receiver operating characteristic (ROC) analysis to estimate the different cut-offs for sensitivity, specificity, positive and negative LRs, and the AUC. We stratified PACD risk groups into low (< 8), intermediate (8) (9) (10) (11) (12) (13) (14) (15) and high risk (> 15) of requiring transfer to PAC facilities. For comparison between PACD patient groups, we used Mann-Whitney, Chi-squared and Kruskal-Wallis tests. Statistical analyses were performed using Stata IC 13 software.
A p-value of < 0.01 was considered significant, accounting for multiple testing.
Results
During the data collection period, 2629 patients were initially included in this study. Over the course of the data collection period, 733 (27.8%) were excluded for various reasons: death: 139 (5.3%); discharge to other (Fig.1) . No significant differences regarding age, gender, number of active medical problems or self-care index (SPI) scores were found between test subjects and those without PACD data (Fig. 1) .
Patient characteristics
Medical patients had a mean age of 66 (±16) years, neurological patients 64 (±18) years. Both groups included slight majorities of men (medical: 58.7%; neurological: 57.3%). Most patients (medical: 89.4%, neurological: 78.7%) were discharged to their home. In total, 10.6% of medical and 21.3% of neurological patients were discharged to PAC facilities. In medical patients, 5.0% were transferred to nursing homes or other homes for the elderly and 5.6% to rehabilitation centers. In contrast, 20% of neurological patients were transferred to rehabilitation and only 1.3% to nursing homes or other homes for the elderly. Differences between patients discharged to PAC facilities or discharged to home after their hospital stays are shown in Tables 1 and 2 . Patients discharged to PAC facilities registered higher dependence regarding ADLs and IADLs and this group's mean length of hospital stay was more than double that of the group discharged to home. Detailed characteristics of medical and neurological patients are shown in Table 3 . The PACD day-1 score was higher in medical patients (median:
]).
Diagnostic values of PACD day-1 and day-3 scores in medical and neurological patients
The medical patients' PACD day-1 data yielded an AUC of 0.77. At the pre-specified cut-off ≥8 points, sensitivity was 72.6% and specificity was 66.5% (Fig. 2) . Lowering the cut-off to ≥7 points resulted in a sensitivity of 78.4% and a specificity of 61.5%. For this group's PACD day-3 data, using the cutoff of ≥8 points, the AUC was 0.82, sensitivity 83.6% and specificity 70.0% (Fig. 3) . In neurological patients, again using a cut-off of ≥ 8 points, the PACD day-1 AUC was 0.68, with a sensitivity of 41.4% and specificity of 81.4% (Fig. 4) . Lowering the cut-off to ≥6 increased the sensitivity to 51.2% and decreased the specificity to 74.3%. For PACD day-3, with a ≥ 8 point cutoff, the AUC increased from the corresponding day-1 level to 0.78, with 68.7% sensitivity and 83.4% specificity (Fig. 5) .
Additional cut-offs for PACD day-1 and day-3 and the corresponding sensitivities, specificities, positive and negative likelihood ratios, including confidence intervals are documented in Additional file 3: Tables S1-S4.
Length of stay, discharge destination and age in PACD risk groups
With a mean length of stay of 10 days, patients whose PACD day-1 or day-3 scores indicated intermediate (i.e., PACD = 8-15) or high (i.e., PACD > 15) risk had 67% longer hospital stays than those whose scores indicated a low (PACD < 8) risk (mean length of stay: 6 days). This proportion was similar in both the medical and the neurological group. Medical patients screened by the PACD day-3 showed the greatest range in lengths of stay: on average, low-risk patients stayed 6 days, intermediate-risk (Table 4) .
Discussion
This large-scale study in medical and neurological patients assessed the diagnostic accuracy of the original PACD day-3 instrument versus that adapted for day-1 use, and analyzed the predictive value of each regarding PAC facility transfer. Particularly in medical patients, both day-1 and day-3 scores had remarkable predictive accuracy in determining patients' risks of requiring PAC transfer. For screening purposes in medical patients, the PACD day-1 and day-3 data yielded good AUCs and sensitivity.
Compared to the AUC of the previously used day-3 model [14] the results were similar for our day-3 model (each AUC = 0.82); however, for our day-1 model results differed. While the AUC for medical patients (AUC: 0.77) fell within the confidence interval of the previously used model (AUC: 0.81, 95% CI 0.76-0.86), that for neurological patients (AUC: 0.66) was lower. While our day-3 model can be directly compared to its forerunner (given the identical scoring of the two), our day-1 model cannot. Our model had one fewer item, and was tested in a more aged sample (mean age 75.3y versus 71.0y) with more active medical problems on admission day (4.0 vs. 2.1) and a smaller proportion of males (40.1% vs. 47.0%). Perhaps most importantly, the score was measured and implemented under actual clinical conditions. Interestingly, higher age per se and greater numbers of medical problems may not necessarily translate into more discriminant power concerning discharge to a PAC facility. In fact, while these data are readily available and thus possibly less expensive and simpler to implement than PACD screening, our data do not support the use of patient age to define risk groups in relation to PAC needs. Sensitivity analyses yielded AUC ranging from 0.68-0.72 in stratified groups aged ≥80 -≥60 for the day-1 model and 0.57-0.67 in similarly stratified groups for the day-3 model in medical patients. In this model, AUC (data not shown) were even lower for neurological patients. Moreover, an age stratification approach would have failed to detect PAC facility need for 14 patients aged < 60 years, 38 patients aged < 70 years, and 94 patients aged < 80 years in our day-1 model (similar numbers in day-3 model, data not shown), a number which we consider noteworthy.
Further, concerning the less compelling results in neurological patients compared to those in medical patients, for these patients-many of whom were admitted for stroke-"discharge to a PAC facility" was likely driven more by newly acquired functional deficits than by those tested by the PACD day-1 instrument, i.e., manifesting over the two weeks prior to admission. In neurological patients, then, the PACD score was accurate for risk determination on admission day in its current form. However, PACD day 3 with a cut-off of ≥8 produced an AUC of 0.78, making it a promising screening tool in this group.
Our results for PACD day-3 scores in medical patients (AUC: 0.82; sensitivity: 84%; specificity: 70%) are in line with the findings of Louis Simonet et al. (AUC: 0.82; sensitivity: 87%; specificity: 63%) [14] . Also supporting Louis Simonet et al. regarding the discriminatory power of PACD scores ≥8 on day 3 in a clinical setting, scores for patients with heart failure, urinary tract infections, falls, or syncope registered the highest sensitivity: 91%, with a specificity of 62% [19] . Although this study was conducted in a Swiss setting with a moderate to high access to PAC services, the PACD could still be applied in settings with lower PAC availability. The earlier patients' biopsychosocial risk can be identified, the more they can benefit from tailored discharge preparation.
We used a single cut-off to define patient risk. For clinical decision-making (i.e., to optimize length of stay), i.e., to prioritize the patients most likely to need social workers or case managers, differentiating medium-from high-risk cases might be preferable to a simple PAC/no PAC dichotomy.
Despite the better AUC and sensitivity of PACD day-3 data, with a cut-off ≥8, the PACD day-1 has the advantage of informing discharge planning from the earliest possible moment after admission. The main goals of early screening are to minimize waiting times for transfer to appropriate PAC facilities, to optimize patient functional status during hospitalization, and to optimize preparation for discharge. A lack of PAC facility vacancies may increase LOS. We experienced this in our own previous work, where it led to an accumulated waiting time of 220 days in 61 patients (unpublished data (Albrich et al., 2013) , reported by others as the main reason for nonmedical delays, accounting for between 40% (Selker et al. 1989) and 84% (Carey 2005) of total delayed days). We therefore propose that, within 24 h of admission, the clinical team could compile a list of atrisk patients (PACD ≥8), who could then be screened by the social workers themselves, maximizing the time available to find appropriate solutions. As levels both of impairment in (instrumental) activities of daily living and of the availability of assistance at home are valuable information for discharge planning, we estimate that collecting the remaining PACD-specific information will require minimal additional effort. To that end, we recommend that the PACD to be integrated into a bundle of dischargeoptimizing interventions. While this would admittedly require increased staff resources at admission, the cost would be offset by reductions in length of stay.
Potential limitations and risk of bias
It was impossible to blind the PACD to clinicians as they used it in clinical practice. Therefore the PACD could have been used to prioritize social worker involvement in post-acute care planning, i.e., higher risk patients may have been preferentially admitted to PAC. However, we found no indications of this in our 30-day follow-up interviews. Moreover, Louis Simonet et al.'s previous study (2008) largely supports our findings on the PACD scores' diagnostic value regarding discharge to PAC facilities [14] .
Conclusion
PACD scores at days 1 and 3 accurately predict transfer to a PAC facility, especially in medical patients. Through early identification of patients' care needs (part of the PACD's function), especially the need for later transfer to PAC facilities, application of the PACD day-1 and day-3 instruments can reduce the risk of hospital-acquired disability and length of stay. By aiding rational allocation of limited healthcare resources, we consider this study to be highly relevant to the Swiss healthcare system. To determine whether improved patient triage via PACD translates into more efficient management and improved patient outcomes, an intervention study is needed.
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